This article aimed to investigate whether auditory stimuli disrupt the performance of a text recognition task (Experiment1) and a text recall task (Experiment 2). In Experiment 1, Spanish speech sounds that disrupted the serial recall task (Miyahara & Goshiki, 2004) were presented during the learning phase of the task. The Spanish speech had a reduced d', which indicates that the text recognition task was also disrupted. In Experiment 2, Japanese speech sounds or office noise were presented during either the learning only phase, recall only phase, or during both the phases. The results were that both types of auditory stimuli could disrupt the text recall task, and this effect was independent of the meaning of the speech sounds and the presenting phase. Our results could be interpreted by Cowan's model (1995Cowan's model ( , 1999 with the inclusion of two modifications.
phenomenon is a simple observation that inevitably occurs when performing a serial recall task. It involves the recall of a visually presented list of unrelated items in the correct serial order being disrupted by the presentation of irrelevant auditory stimuli. This disruption occurs even when subjects are told to ignore the sound. This phenomenon is highly robust, and the amount of disruption varies from approximately 30% to 50% (Ellermeier & Zimmer, 1997) . As revealed by many previous researches, the size of the irrelevant speech effect appears to be independent of the phonological and semantic similarity between the to-be-remembered material and the irrelevant auditory material.
Further, it appears to be independent of whether or not the irrelevant sound is in the form of speech. In contrast, the acoustic properties of the irrelevant material, particularly the changing-state property which is a change of acoustic property in state or vary over time, play a substantial role in causing the disruption (Jones, 1993; Jones, Beaman, & Macken, 1996) .
As indicated above, a substantial body of research has concentrated on the properties of the irrelevant sound that causes disruption in cognitive processing. One of the reasons for this is that it is easy to experimentally control the acoustic material and observe its affects on cognitive processing (Beaman, 2005) . On the contrary, exploring the nature of disruption and identifying its locus in the cognitive process are still controversial, and several major theories have been proposed for these purposes. The latter approach may be more difficult than the previous one because controlling everyday cognitive tasks and specifying the origin of the disruption are not easy (Beaman, 2005) .
Given that immediate serial recall must rely heavily on working memory processes, theories of working memory play an important role in the major theories explaining the irrelevant sound effect. However, these theories are divided into two categories-theories that explicitly specify the role of attention in the irrelevant speech effect and those that assume that irrelevant sounds have automatic access to the representational structure that is also used for the primary task of maintaining a suitable representation of the to-beremembered items (Elliot, 2002) . Exemplars of the former category are Cowan's attention-and-memory framework (Cowan, 1995 (Cowan, , 1999 ) and the feature model (Nairne, 1990; Neath, 2000) . Exemplars of the latter category are Baddeley's modular working memory model (Baddeley, 1986 (Baddeley, , 1996 Baddeley & Logie, 1999) , and Jones's ObjectOriented Episodic Record (O-OER) model (Jones, 1993; Jones & Macken, 1993 ).
Cowan's attention and memory framework (1995, 1999) , defines working memory as the portion of long-term memory that is necessary to retain information in a highly accessible state. The focus of attention represents the most highly activated subsets of the representation in working memory. During the serial recall task, the to-be-remembered items are the focus of attention. When the irrelevant auditory stimuli are presented, the disruption occurs in the following two ways. First, the irrelevant auditory stimuli automatically attract attention and distract the processing resource from the currently attended target, the serial recall task. The reduction of attention available for the maintenance of the to-be-remembered items reduces the activation of the to-beremembered items. This results in the failure to engage in accurate serial recall. Secondly, the acoustic distractor may interfere with the phonological representation of the to-be-remembered items because of their similarity, resulting in the disruption of the serial recall.
The feature model (Nairne, 1990; Neath, 2000) assumes that the features of the irrelevant sounds overwrite a certain number of elements of feature vectors of the targets, which degrades the target representations in working memory. This degraded memory representation results in the disruption of the serial recall task performance. Moreover, the attentional parameter is included in this model that can be changed to reflect the amounts of processing resource for the memorization task by applying a proper value. This is the reason that the feature model is categorized with Cowan's model, which explicitly specifies the role of attention in the irrelevant speech effect.
According to Baddeley's working memory model (Baddeley, 1986 (Baddeley, , 1996 Baddeley & Logie, 1999) , working memory consists of three components-'central executive' and two slave systems, 'phonological loop' and 'visual-sketchpad.' The central executive is a control system that directs the attention and slave systems as well as the manner in which the processing resources are distributed. In the phonological loop, visually presented target items are converted into a phonological representational format in the articulatory rehearsal and then stored in the phonological store, which has a limited capacity. Irrelevant auditory stimuli are believed to gain automatic access to the phonological store and interfere with the phonological representation of the to-be-remembered items. This causes the disruption of the serial recall task performance.
In Jones's O-OER model (Jones, 1993; Jones & Macken, 1993) . The amount of changing state of the auditory stimuli determines the degree of disruption caused by irrelevant auditory stimuli. The changing state is a range of an acoustic property that is contained in the auditory stimuli. Both the auditory stimuli and visually presented to-beremembered items are temporarily maintained as objects in the short-term memory, which is referred to as a blackboard. The seriation of the objects are termed as 'link,' and the objects are interconnected by the link. Objects are represented in a code in which they are undifferentiated in terms of their modality of origin since they are coded at the precategorical phase. Hence, the objects do not contain the semantic property. The disruption occurs because the links between the objects of the to-be-remembered items and the auditory stimuli interfere with each other.
The four models described above attempt to explain the irrelevant sound effect, which is the disruption of serial recall by irrelevant auditory stimuli. However, everyday cognitive tasks performed in schools and workplaces are more complex than simple serial recall tasks. The difference between these lies in whether or not comprehension is required for their performance. The serial recall task does not necessarily require comprehension of the meaning of the to-be-remembered items since some researches use meaningless letters as the to-be-remembered items. On the contrary, in the case of everyday cognitive tasks, comprehension is very important. In Experiment 1, a text recognition task was used to examine the effect of irrelevant auditory stimuli on task performance. This task was selected because comprehension of the meaning of the text is required to complete the task. The text recognition task involves the recognition of the target and distractor items according to the content of the text after it has been learned. This task depends more on the text comprehension and the semantic representation than on the maintenance of the phonological representation. Moreover, in Experiment 1, Spanish speech, which was used in Miyahara and Goshiki (2004) , is used as the auditory stimuli. Since this auditory stimuli is a confirmed unknown foreign language for Japanese subjects and the semantic processing for the speech sounds are controlled (Miyahara & Goshiki, 2004) , the disruptive effect on text recognition task and serial recall task should be comparable. The determination of whether we could use the same theory to explain the disruptive effect of auditory stimuli on everyday cognitive tasks that require semantic processing and serial recall tasks that depend heavily on phonological processing would be a meaningful contribution to the human cognitive mechanism.
Based on the four theories discussed above, the following results are expected: According to framework proposed by Cowan (Cowan, 1995 (Cowan, , 1999 , the text recognition task should be disrupted in the case of the serial recall task since according to the model the auditory stimuli attract the attentional resources regardless of the task. Therefore, the resources available for the text recognition task reduce, and the phonological representation of the text may deteriorate, as in the case of the serial recall task. With regard to Neath's feature model (Nairne, 1990; Neath, 2000) , a certain number of elements of the feature vectors of the text representations may be overwritten by the auditory stimuli and the text recognition task may be disrupted by the irrelevant auditory stimuli. This expectation is similar to that for Cowan's model (Cowan, 1995 (Cowan, , 1999 .
On the contrary, Baddeley's model (Baddeley, 1986 (Baddeley, , 1996 Baddeley & Logie, 1999 ) does not include a component for semantic processing
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. Although the central executive undertakes the distribution of processing resources, it is not involved in the temporal maintenance of phonological representations in the phonological loop. (e.g., Baddeley & Logie, 1999) . In Baddeley's model, the interference between the phonological representations of the auditory stimuli and the to-be-remembered items are emphasized; the tasks that emphasize the semantic processing are not expected to be disrupted by irrelevant auditory stimuli. The same prediction can be derived from the object-oriented model, which also does not include semantic processing. Thus, if the text recognition task is disrupted, it could not be explained by this model.
The role of the working memory in discourse comprehension is assumed to be as follows: First van Dijk and Kintsch (1983) proposed the model of constructing representation from the text. In this model, the process necessary for comprehension is assumed to involve a multiple level processing. Further, there are three levels of processing-the surface level, the propositional level, and the situation model level. The 1 Recently, the episodic buffer was added to the model as a new component. (Baddeley & Wilson, 2002) . This component is estimated to play a role in cognitive processes such as temporal maintenance of the representation, binding several modalities and/or knowledge in the long-term memory, and chunking. Moreover, this component is assumed to rely heavily on the central executive. It is possible that the episodic buffer may involve the semantic processing and transformation of the information between the working memory and the long-term memory. (Hulme, Roodenrys, Schweickert, Brown, Martin, & Stuart (1997) , Kaneda & Osaka (2004) ; Norris, Baddeley, & Page, (2004); Saint-Aubin & Poirier (2000) ).However, the precise role of the episodic buffer is still unclear, and at present it appears difficult to explain the data in this article using the episodic buffer. exact words and phrases that are used in the texts are represented at the surface level; the semantic content of the text is represented in the propositional level; and the situation described in which not the text itself but the situation described by the text is represented at the situation level. The working memory plays a role in the processing and integration of each level (Just & Carpenter, 1992; Kintsch, 1994) . Of these three levels, the processing that occurs at the surface level is assumed to be the process with the highest load for the phonological loop. On the contrary, the process with the lowest load for the phonological loop is the situation level, which therefore results in greater loading on the other component, which is assumed to be the central executive. In Experiment 1, by designing the three levels of recognition items according to the abovementioned three levels, not only the effect of the irrelevant speech on the text recognition task but also the effect of the difference among the three levels was examined.
EXPERIMENT 1
If the irrelevant auditory stimuli disrupt the text recognition task that requires semantic processing as well as the serial recall task, then it undoubtedly disrupts comprehension. Further, if the result reveals that the effect of the auditory stimuli differs among the three levels of recognition items (surface level; proposition level; situation level), it is possible to clarify whether or not the phonological loop relates to the irrelevant speech sounds. Moreover, the details of the working memory and the mechanism of the disruption could also be clarified. If the amount of disruption caused by the auditory stimuli was the greatest at the surface level, followed by the proposition level, and the least in the situation level, the results indicate that the process exerting the most loads on the phonological loop tends to be more susceptible to the disruptive effect of the auditory stimuli. On the contrary, if the amount of disruption is the greatest for the situation level, followed by the proposition level, and the least for the surface level, the results indicate that the process that exerts the least load on the phonological loop and depends more on semantic processing is presumed to be the most susceptible to the disruptive effect of auditory stimuli. This result could not be explained by Baddeley's model since the locus of disruption is believed to be in the phonological loop.
In this experiment, the text was presented in the form of a sentence and the recognition items were presented separately. This method was used to control the cognitive strategy of the subjects and prevent them from referring to the sentence or to the items presented before and after. Further, the Spanish speech was used as an auditory stimulus. This auditory stimulus was confirmed to disrupt the serial recall by Miyahara and Goshiki (2004) . Japanese subjects were unable to understand Spanish; thus, there might have been some effects of phonological similarity and/or the change regarding the sharing of the processing resource. However, the processing resource could not be divided for the semantic processing of the auditory stimuli; and the representation from long-term memory may not have been used to comprehend the auditory stimuli.
METHOD
Experimental Design The design involved two factors: the level of memory representation of the recognition items (the surface level; the propositional level; the situation model level) and the auditory stimuli (silence; Spanish speech sound). Both were within-subjects factors.
Subjects Forty university students (male: 17; female: 23; average age: 21.1) participated as subjects. All subjects were volunteers and were recruited from the lecture of psychology; they were all Japanese natives with normal hearing and eyesight.
Equipment A Personal computer (PC) and a display screen was used for the presentation of the text and recognition items. Speech sounds were recorded and played on an MD player (Sony MDS-PC1) into a set of headphones (TEAC HP880I-B).
Material Two texts were used for the text recognition task. One text was on Japanese sweets and the other was on the bee. The recognition items corresponding to three different levels were constructed according to Yui (2002) . The target item at the surface level was a sentence that was directly from the text. The distractor item at the surface level was created by changing one noun from the sentence in the text to a noun with a different meaning. The target item at the propositional level was created by changing one verb from the sentence in the text to a synonymous one. The distractor item at the propositional level was made by changing one verb from the sentence in the text to a verb having a completely different meaning. The target item at the situation level was created by combining more than two sentences from the text to create the situation which was not described the text itself, but the situation described by the text. The distractor item at the situation level was a sentence extracted from an entirely different story. Each text comprised passages of approximately 800 letters. There were 33 recognition items for the text on Japanese sweets, and 38 for the text on the bee. The pilot test confirmed that the difficulty of the recognition task of each text was not significant.
Auditory Stimulus The auditory stimulus was a Spanish speech used in Miyahara and Goshiki (2004) . The speech was recorded from a lecture delivered by a female speaker on the unique characteristics of Spanish. The auditory stimulus was played at a mean sound level of 60 db (A), as done by Miyahara & Goshiki (2004) . The mean sound level was visually estimated over a 30-second period and calibrated with a sound level meter (National Sound Level Meter VS-3701A). The speech sound was presented only during the learning phase and the inserted task phase.
Procedure The trial consisted of three phases: the text learning phase (without a time limit), the insertion task phase 2 (for five minutes), and the text recognition phase (without a time limit). In the learning phase, the subjects were instructed to silently read a sentence presented on the display. After reading the sentence, they were required to press the space key that would present the next sentence. Subjects were instructed as follows: "Please read the sentence silently and as quickly as possible, but also be careful to understand it. The recognition test will be conducted later." As soon as the presentation of the text ended, the display changed to the sign to begin the insertion task. The insertion task involved playing cap verses beginning with a word that was decided by the experimenter. The subjects performed this task using a paper and a pencil. They were required to list as many words as possible within a span of five minutes. After the completion of the five minute insertion task, the recognition task began. A single recognition item was presented on the display and the subject was required to respond "Yes" for the target item, and "No" for the distractor item by pressing the appropriate button. Subjects were required to respond as quickly and accurately as possible. The first trial ended with the completion of the recognition phase. The second trial began after the subjects had rested for a while. Each subject underwent one trial for each of the auditory stimuli levels. The presentation phases and the text were counterbalanced among the subjects. In order to rule out the effect of guessing, the d' was used for the analysis. The d' was calculated from the correct rate and the false alarm rate.
RESULTS
A two way ANOVA using the d' (Fig. 1 ) was conducted. The main effect of the auditory stimuli and the processing level of the discourse were significant (for the auditory stimuli, F(1, 39) = 7.33, p < .05; for the processing level, F(2, 78) = 7.83, p < .01). Ryan's multiple comparison revealed that the d' for the proposition level was significantly lower than that of the surface level and situation level (p < .05); however, the interaction was not significant (F(2, 78) = 0.87, n.s.). Thus, regardless of the level of the memory representation of the discourse, the d' was always higher in the silent condition as compared to that in the speech sound condition. This result indicates that the presentation of the auditory stimulus disrupts recognition sensitivity. Further, the absence of a significant interaction suggests that regardless of whether the auditory stimuli were presented, the recognition of items for the propositional level was more difficult and had higher discrimination sensitivity than the other two levels, namely, the surface and situation levels.
DISCUSSION
The analysis of the d' revealed that the text recognition task was disrupted by the irrelevant auditory stimuli, as in the case of the serial recall task; however, the interaction was not significant. Thus, the degree of the phonological loop involved in the task is independent of the extent of the disruptive effect, which results in the uniform disruption of the d'.
These results indicate that the extent of the disruptive effect of the auditory stimuli is not specific for the serial recall tasks; therefore, this result is not explained by the O-OER model (Jones, 1999) . Further, since the degree of the phonological loop involved in the text recognition task and the extent of the disruptive effect are independent, the locus of the disruption is not only the phonological loop, which is a specific component for the phonological processing in Baddeley's working memory model (Baddeley, 1986 (Baddeley, , 1996 Baddeley & Logie, 1999) . This suggests that it is difficult to explain the result of Experiment 1 using Baddeley's model.
On the contrary, the prediction according to Cowan's model (Cowan,1995 (Cowan, , 1999 ) and the feature model (Nairne, 1990; Neath, 2000) was supported. The results could be explained as follows. When the irrelevant auditory stimuli were presented, the processing resource was divided between the text recognition task and the auditory stimuli; thus, the resource available for the text recognition task decreases. Further, the disruption occurred because the recognition was conducted according to the representations that were degraded or overwritten by the auditory stimuli.
Nevertheless, there is a possibility that the items could be recognized without perfect recall of the learned text representations because the recognition items themselves may present the subjects with some cues to reconstruct the memory representation which is necessary for recognition task (Schweickert, 1993) . Moreover, in order to examine more precisely the effect of the irrelevant auditory stimuli on the task that needs semantic processing and comprehension, experiments using everyday cognitive tasks other than text recognition need to be conducted.
Further, if the irrelevant auditory stimuli disrupt the semantic processing of the cognitive tasks, presenting the auditory stimuli in one's native tongue as meaningful auditory stimuli is expected to cause a greater disruptive effect because the semantic processing, which requires more processing resources, is involved both in the auditory stimuli and the cognitive task (Beaman, 2005; Martin Wogalter & Forlano, 1988) . In order to examine the abovementioned points more precisely, we conducted Experiment 2. In this experiment, we used the text recall task, which requires semantic processing without any cue, and Japanese speech sounds.
EXPERIMENT 2
Banbury & Berry (1998) used the text recall task because it is very similar to everyday cognitive tasks. Moreover, it does not require prior training, and is easy to control. First, the subject learns and understands the text within a limited span of time. Immediately after it is learned, the subject is required to recall the text. This task depends more heavily on semantic processing as compared with the text recognition task. Banbury & Berry (1998) presented either of the following auditory stimuli: a subject's native tongue as a meaningful speech sound, and office noise 3 without any speech as a meaningless sound. The control condition was silent, and the task performance under each condition was compared. The results revealed that the amount of disruption was the same for both the auditory stimuli. Moreover, it indicated that presenting the auditory stimuli only in the learning phase, or throughout the learning phase and the recall phase does not affect the amount of disruption.
Experiment 2 replicated Banbury and Berry (1998) by using Japanese subjects, Japanese text recall tasks, and Japanese auditory stimulus to conduct an examination of the effect of irrelevant auditory stimuli on task performance. Further, using Japanese speech sounds and the office noise without speech as auditory stimuli enabled the examination of the relationship between the semantic processing of auditory stimuli and the amount of disruption. Moreover, to examine the effect of the presenting phase of auditory stimuli on the amount of disruption, the presentation phase was designed as an experimental factor in accordance with Banbury and Berry (1998) . The auditory stimuli were presented either only in the learning phase, or in the learning and recognition phase in Banbury and Berry (1998) . In our experiment, a third level was added to examine the effect of the presentation phase more clearly. The third level was to present the auditory stimuli only at the recall phase.
In a number of studies on the irrelevant sound effect, auditory stimuli are presented only in the to-be-remembered item presenting phase, or in the to-be-remembered item and the serial recall phase. This is because the locus of the disruption is believed to be in the maintenance of the representation of the to-be-remembered item, and according to their empiricism, to cause greater disruption (Henson, Norris, Page, & Baddeley, 1996) . However, as indicated in Experiment 1, if the task that depends on semantic processing is disrupted by the presentation of irrelevant auditory stimuli, the auditory stimuli that are presented only during the recall phase are expected to cause some degree of disruption. In the learning phase, the contents of the text are encoded and their representations are transferred to the long-term memory. While in the recall phase, the representation of the text in the long-term memory needs to be retrieved. With regard to semantic processing, the knowledge already stored in the long-term memory becomes highly accessible, and the process of organizing the new representation from the text and the knowledge is also involved. It is possible that this semantic process plays a role in the retrieval process in the recall phase. Thus, if the irrelevant auditory stimuli affect the semantic process, there is the possibility that the auditory stimuli presented only at the recall phase may cause some disruption.
According to Cowan's model (Cowan, 1995 (Cowan, , 1999 , the native tongue is meaningful; therefore, these stimuli capture greater attention than office noise. Therefore, the amount of disruption is expected to be greater for the Japanese speech sound than the office noise. For the auditory stimuli presentation phases, the following results are expected: First, if the stimuli are presented only in the learning phase, the processing resource available for encoding reduces, and the recall task is based on the retrieval of these incomplete representations. Second, for the recall only phase, the entire resource is available for the encoding, as in the case of the silent condition; thus, the memory representations are encoded perfectly. However, the processing resource available for the retrieval reduces; hence, the retrieval may be more degraded than in the case of the silent condition. Third, the auditory stimuli presented in both the learning and recall phases reduce the processing resource available for both the encoding and retrieval to a greater degree than in the silent condition. Thus, the extent of the disruptive effect is expected to be the greatest in the condition which the auditory stimuli is presented during the learning and recall phases, followed by the condition which the auditory stimuli is presented only at the learning phase, and is the least in the condition which the auditory stimuli is presented only at the recall phase.
The same prediction can be derived from the feature model (Nairne, 1990; Neath, 2000) . According to this model, Japanese speech sound possesses features that are more resemble for the representation of Japanese texts than office noise; hence, more features should be overwritten by the Japanese speech sound than those overwritten by office noise. Thus, the amount of disruption should be greater for the Japanese speech sounds than that for the office noise. Further, the same prediction can be derived from Cowan's model (Cowan,1995 (Cowan, , 1999 with regard to the effect of the presentation phase. Thus, the extent of the disruptive effect is expected to be the greatest in the condition which the auditory stimuli is presented during the learning and recall phases, followed by the condition which the auditory stimuli is presented only at the learning phase, and is the least in the condition which the auditory stimuli is presented only at the recall phase.
Finally, we describe the prediction with regard to the Jones's O-OER model (Jones, 1999 ) and Baddeley's model (Baddeley, 1986 (Baddeley, , 1996 Baddeley & Logie, 1999) . Experiment 1 did not support these models. According to the O-OER model, the amount of disruption might be the same between the Japanese speech sounds and office noise because the model does not support the specific effect of meaningful auditory stimuli. Baddeley's model predicts that only the Japanese speech sounds, and not the office noise, will disrupt the task. Further, the locus of disruption is assumed to be the phonological loop, and this component is most involved in the phonological encoding in the learning phase. Thus, the extent of the disruptive effect is expected to be identical to that of Cowan's model and the feature model; it is expected to be the greatest in the learning and recall phase, followed by the learning phase, and is the smallest in the recall phase.
METHOD
Experimental Design The design involved two factors: auditory stimuli presentation (learning only phase; recall only phase; both the learning and recall phases) was a between-subjects factor, while the auditory stimuli (silence; speech sound; office noise) was a within-subjects factor. Each trial comprised the learning phase and recall phase; both phases lasted for three and a half minutes. In the learning only phase (Learning), the auditory stimuli were presented only during the learning phase, which was the first half of the trial. In the recall only phase (Recall), the auditory stimuli were presented only during the recall phase, which was the latter half of the trial. In the both the learning and recall phase (Both), the auditory stimuli were presented throughout the trial, which lasted for seven minutes. There were no auditory stimuli in the silent condition.
Subjects Twelve university students participated as subjects in each of the groups, namely, the Learning group (male: 6; female: 6; average age: 20.5), the Recall group (male: 7; female: 5; average age: 21.0), and the Both group (male: 6; female: 6; average age: 21.8). All the subjects were volunteers and were recruited from the lecture of psychology; they were all Japanese natives with normal hearing and eyesight.
Equipment All auditory stimuli were recorded and played on an MD player (Sony MDS-PC1) into a set of headphones (TEAC HP880I-B).
Material Three texts were used for the text recall task. Each text was comprised passages of approximately 240 words. The content of each text was the dishcloth gourd, the pomegranate, and the Japanese radish, respectively. The pilot test confirmed that the difficulty of each text was not significant.
Auditory stimuli Two types of auditory stimuli were used: Japanese speech sounds as a meaningful stimulus, and office noise as a meaningless stimulus. The Japanese speech was recorded from a lecture delivered by a female speaker on the "Genji Monogatari," a story of Prince Genji. Since this is a well-known classic, the taste of the subjects was not expected to vary much. The reactions of the audience (e.g., applause, laughing) were excluded from the stimuli. The office noise comprised tapping sound of PC keyboard, copying machine and fax machine sounds as well as the sound of the telephone ringing. Each acoustic stimulus was selected from a sound effect CD, and was mixed using a PC. The auditory stimuli were played at a mean sound level of 70 db (A), which is comparable to a normal conversation held within one meter (Grandjean, 1980) . The mean sound level was estimated visually over a 30-second period and calibrated with a sound level meter (National Sound Level Meter VS-3701A) at the earmuffs of the headphone.
Procedure Each participant was tested individually in a quiet laboratory room. Written instructions for the experiment were placed in front of the subject. The subject was also provided with the text for the trial, which was placed reverse side facing for subjects and a blank paper and a pencil for the recall phase. As soon as the experimenter gave the starting signal, the learning phase of the trial began. The subject turned over the paper and began to learn the text silently. When the learning phase ended, the experimenter signaled to begin the recall phase in which the subject recalled the text and wrote down what he recalled on the blank paper. The text in the written form was collected by the experimenter as soon as the recall phase began.
Both the learning and recall phase lasted for three and a half minutes; therefore, a single trial lasted for seven minutes. The trial ended as soon as the experimenter signaled to stop. After resting for a while, the second and third trials began in a similar fashion.
Each subject underwent one trial for each of the auditory stimuli. The auditory stimuli and the texts were counterbalanced across the subjects. Before the experiment, the participants underwent an exercise trial. The experiment lasted for approximately 35 minutes.
The instructions provided to the subjects with regard to the task were as follows, "When the start signal is given, please begin learning the text silently, in as much detail as possible in three and a half minutes. When the experimenter gives you the next signal, please stop reading the text, and write down the passage on a separate piece of paper as accurately as you possible (i.e., recall as much information as possible in the order that it was presented.) for the next three and a half minutes. When the experimenter tells you to stop writing, please put down your pencil and take some rest." The instructions provided to the subjects with regard to the presentation of the irrelevant auditory stimuli were as follows: "During the learning phase (during the recall phase; throughout the trial), you will hear a female voice (office noise) from the headphone; however, please ignore this auditory stimuli, and try to concentrate on learning the text (text recalling; the task). We will not question you about the auditory stimuli after the trial."
RESULTS
The performance of the participants was measured in terms of the accuracy achieved in the recall phase. The scoring methodology was in accordance with that of Banbury and Berry (1998) . Before the experiment, the text was divided into 10 separate units and the core expression of each unit was established in advance; this core expression was used for the scoring. Moreover, the order in which the units were presented was also taken into account. Therefore, points were only given if the core expressions were in the correct order. The following conventions were applied: 2 points for the correct expression in the correct order and 1 point for the correct order, but inadequate core expression. The possible score was 0 to 20 for each phase. The table1 displays the means and SD of the recall score for each group under each auditory condition.
The recall score was analyzed via a 3 (auditory stimuli: silent; office noise; speech) × 3 (auditory presentation phases: Learning; Recall; Both) mixed model ANOVA, with auditory stimuli as the within-subjects factor and auditory presentation phase as the between-subjects factor. A two-way ANOVA conducted on the recall scores revealed a significant main effect of the auditory stimuli (F(2, 33) = 14.89, p < .01). Ryan's multiple comparison revealed that the recall score under the silent condition was significantly higher than that under the conditions with speech sounds and office noise (p < .01). Further, the scores obtained in the speech sounds and office noise conditions did not differ significantly. The results indicated that both the office noise and speech sounds had a same size of significant detrimental effect on the participants' ability to recall text. In addition, the main effect of the presentation phase (F(2, 33) = 1.15, n.s.) and the interaction were not significant (F(4, 66) = 0.77, n.s.)
4 . These results indicate that the auditory presentation phase did not affect the amount of disruption; thus, the presentation of the auditory stimuli for a longer duration did not increase the disruptive effect, and the presentation of the auditory stimuli in the recall phase only caused the same amount of disruption as that caused in the learning only and both phases. Further, the extent of the disruptive effect was the same for the Japanese speech sounds and office noise regardless of the presentation conditions.
The result that the extent of the disruptive effect was the same for the Japanese speech sounds and office noise is consistent with that of Banbury and Berry (1998) and previous researches using serial recall tasks Jones & Macken, 1993) . On the other hand, extending the duration of presenting the auditory stimuli did not increase the extent of the disruptive effect is not consistent with that of Banbury & Berry (1998) and previous researches using the serial recall task (Jones, Farrand, Stuart, & Morris, 1995; Jones & Macken, 1993) .
DISCUSSION
With regard to the text recall task, the same amount of disruption occurred regardless of the auditory stimuli or the presenting phase. The prediction that the native tongue, which requires semantic processing, may cause greater disruption was not supported, and this is a replication of Banbury and Berry's (1998) result. Therefore, these results indicate that the amount of disruption during the text recognition task is independent of the meaning of the auditory stimuli. However, Keller & Stevens (2004) revealed that people understand the meaning of sounds even if they are not in the form of speech; thus, there is a possibility that the office noise used in the experiment held some meaning for the subjects. Therefore, the familiar office noise may require some semantic processing. Further, the office noise and the speech sounds might require the same degree of semantic processing. The latter explanations can be available to explicate the results of Experiment 2.
Moreover, the presentation phase of the auditory stimuli was independent of the amount of disruption. Our prediction was not supported-a result that is also a replication of Banbury and Berry (1998) . In the Learning phase, the encoding of the text is disrupted by the irrelevant auditory stimuli. On the contrary, in the Recall phase, the retrieval of the representation is disrupted by the irrelevant auditory stimuli. Therefore, disruption occurred in each phase. The result that the extent of the disruptive effect was the same when the auditory stimuli were presented for the Both phase seems to be contradictory since both the encoding and the retrieval should have been disrupted. However, there is a possibility that the representation with insufficient encoding should be reconstructed by the knowledge in the long-term memory (Schweickert, 1993) . Moreover, there is a possibility that the longer duration of presenting the auditory stimuli for the Both phase could cause some habituation to the auditory stimuli (Tremblay & Jones, 1998) . A possible explanation for this result maybe that because these possibilities were crossovered, which caused a kind of floor effect, the amount of disruption did not increase regardless of the longer presentation of auditory stimuli.
The extent of the disruptive effect on the text recall task is constant, and is independent of the type of auditory stimuli and presentation phase. This result derived in Experiment 2 is inconsistent with the predictions from the abovementioned four models. However, if the two assumptions that the office noise used in the experiment required the same amount of processing resource as Japanese speech sound, and that habituation had occurred during a seven-minute trial were included in Cowan's model (Cowan, 1995 (Cowan, , 1999 , then the results of Experiment 2 can be explained by his model.
On the contrary, it is difficult to consider that the degree of overwriting the memory representation was the same for the Japanese speech sounds and office noise, so the feature model (Nairne, 1990; Neath, 2000) is not suitable for explaining the results. Further, the disruptive effect with respect to the semantic processing cannot be explained by Jones's O-OER model (Jones, 1999) . According to Baddeley's model (Baddeley, 1986 (Baddeley, , 1996 Baddeley & Logie, 1999) , the Learning and Recall phases involve different cognitive processes; the former involves encoding and the latter involves retrieval. Consequently, each component from Baddeley's working memory model must be involved to different degree in these different processes in each phase. However, the result that the amount of disruption is unrelated to the presenting phase of the auditory stimuli could not be explained by Baddeley's modular model. Thus, the result of Experiment 2 could be explained solely using Cowan's model, only if two modifications were made to the model. However, the reliability and validity of these revisions should be examined by further studies.
GENERAL DISCUSSION
The text recognition task, which was used in Experiment 1, and the text recall task, which was used in Experiment 2 both required semantic processing and comprehension of the text. Further, it was difficult to learn both tasks literally, or to rely heavily on phonological encoding as in the case of serial recall tasks. However, both the tasks were disrupted by the irrelevant auditory stimuli. Thus, the results indicate that disruption occurs for the tasks that rely heavily on semantic processing. A clarification of whether this disruption is unique only to semantic processing, or whether it commonly affects the process or contents involved in distributing the attentional resource is a theme for future studies.
The results of Experiment 1 and 2 can be explained by Cowan's model (1995 Cowan's model ( , 1999 , if two modifications are adopted. The first is that the office noise used in Experiment 2 required the same amount of processing resource, and the second is that the duration of seven minutes is sufficient to cause habituation to the irrelevant auditory stimuli. In Cowan's model (1999 Cowan's model ( , 1995 , the attentional resource for the irrelevant auditory stimuli is distributed automatically; thus, the resource available for the task should be reduced. Further, the phonological representation necessary for the task performance is degraded; therefore, the task performance is disrupted by the irrelevant auditory stimuli. Therefore, if Cowan's model incorporated the two modifications stated below, it could be used to explain the results of both Experiment 1 and 2. The first modification is that the office noise used in Experiment 2 should require the same amount of attentional resource as the speech sounds, that is, the amount of attentional resource distribution is fixed regardless of whether the irrelevant auditory stimuli comprises the speech sounds or not. The second is that in the Both phase in Experiment 2, the duration of seven minutes is long enough to cause habituation to irrelevant auditory stimuli; therefore, additional attentional resources are not required, and this results in the floor effect of disruption.
Our results could not be explained by the other three models. The result of Experiment 2, which indicated that the amount of disruption was identical for the Japanese speech sounds and office noise is inconsistent with the prediction made by feature model (Nairne, 1990; Neath, 2000) . The result of Experiments 1 and 2 that the tasks that depend heavily on semantic processing are disrupted by the irrelevant auditory stimuli is inconsistent with Baddeley's working memory model (Baddeley,1986 (Baddeley, , 1996 Baddeley & Logie,1999 ) and Jones's object-oriented episodic model (Jones, 1993; Jones & Macken, 1993) . If the abovementioned two modifications are adopted for Cowan's model, then the same model could explain the effect of irrelevant auditory stimuli on various tasks, ranging from simple and experimentally well-controlled serial recall tasks to everyday cognitive tasks such as text recognition and recall tasks. This indicates that human cognitive processing is flexible and could be applied in various situations beyond those presented in the different tasks. Further, the attentional resource for the semantic processing is provided not only for the speech sounds but also for the sound excluding speech. This assumption might explore another view for the consideration of the daily auditory environment and the effect that auditory stimuli have.
In summary, it is suggested that attention plays a substantial role in the effect of irrelevant auditory stimuli on the text recognition, text recall, and serial recall tasks. However, the nature and/or the encoding process of the representation of the texts within working memory are debatable. Recently, Wilson (2001) argued the use of sensorimotor coding in verbal working memory based on the results of neuropsychology and from sign language research and standard working memory paradigms. According to her sensorimotor account, the representations retain their modality-specific character by speech-based coding and sign-based coding. Speech-based coding, which is a specialization of a more general auditory working memory, constructs the phonological representations, while sign-based coding, which is a specialization of visuospatial working memory, constructs the visuospatial representations. The sensorimotor account differs from Cowan's attention-and-memory framework (Cowan, 1995 (Cowan, , 1999 and the O-OER model (Jones, 1993; Jones & Macken, 1993) , which propose that the representations are amodal. Further, the sensorimotor account differs from the feature model (Nairne, 1990; Neath, 2000 ) and Baddeley's working memory model (Baddeley, 1986 (Baddeley, , 1996 Baddeley & Logie, 1999) , which propose that the representations are quasi-modality specific. However, Wilson (2001) insists that only the sensorimotor account can clearly and conclusively explain the phonological similarity effect, word length effect, articulatory suppression, and irrelevant speech effect and their interactions. According to sensorimotor account, the irrelevant speech effect occurs because both the to-beremembered printed items and the irrelevant auditory stimuli are maintained in a speechbased code, resulting in the serial recall performance being disrupted. However, in experiment 2, it is difficult to consider that the degree of similarity of the memory representations was the same for the Japanese speech sounds and office noise to cause the same degree of disruption; therefore, the sensorimotor account is not suitable for explaining our results. In the sensorimotor account, the role of attention in the encoding and maintenance of the representations is not clear. However, if the role of attention is clearly involved in the sensorimotor account in the future, there will be broad implications from the theoretical viewpoint of embodied cognition, and the applicability of the model to our data will have to be reexamined.
To explore the argument that the role of attention in the irrelevant speech effect should be explicitly specified in the theory (Elliot, 2002) , further studies should be conducted using both tasks that require attention and long-term memory, as those used in our experiments, and a simple task such as the serial recall task. Further, to clarify the mechanism of the irrelevant speech effect, the necessity of the experiments using everyday cognitive tasks is proposed (Gathercole & Baddeley, 1993; Jones, 1995) . By clarifying the mechanism underlying the auditory disruption in our experiments, it is not only expected that the model of working memory will be clarified in greater detail, but also the role and relationships among the working memory, long-term memory, and attention, which are all involved in the processing of everyday cognitive tasks.
